ABSTRACT
INTRODUCTION
Currently, much attention is being paid to the development of oil-containing microorganisms. Many microorganisms such as micro algae, fungi and bacteria, are capable of accumulating certain oils under special culture conditions. Compared with other vegetable oils, microbial oils have many advantages such as short life cycle, less work required, are less affected by the location, season and climate, and faster growth. With the rapid expansion of biodiesel, microbial oils may become a commodity with the potential for lipid production for biodiesel in the future, although various works associated with oil producing microorganisms still need to be performed (Li et al. 2008) . The high cost of biodiesel from oleaginous microorganisms is mainly due to the cost of glucose, which is estimated to be nearly 80% of the total medium. Thus, considerable efforts have been directed to minimize cost of the carbon source and find alternative sources (Tsigie et al. 2011) . Several co-products and raw materials for food industry and agroindustry have been used to obtain biotechnological products because of their high availability, which represents an alternative source of low commercial value (Silva et al. 2009; Ernandes et al. 2010) . Cheese whey is one of the most abundant by product, which can be employed for the development of various value-added products such as ethanol (Dragone et al. 2011; Koushki et al. 2011) , fatty acid methyl esters (Takakuwa and Saito 2010) , biopolymer poly (3-hydroxybutyrate) (Nickel et al. 2005) , biosurfactants (Rodrigues et al. 2006) , xanthan gum (Silva et al. 2009 ), bacteriocins (CladeraOlivera et al. 2004) , lactic acid (Ghasemi et al. 2009 ), citric acid (El-Samragy et al. 1996 , gluconic acid (Chaturvedi et al. 1999) , α-amylase (Ferreyra et al. 1998) , β-galactosidase (Santiago et al. 2004; Manera et al. 2011 ) and manganese peroxidase (Feijoo et al. 1999) . After increase to 18% in exports of cheese in 2010, it is estimated that EU exports for 2011 and 2012 would continue to grow, even for the U.S. where cheese production is projected to expand in 2011 to 4.8 million tons, an increase of 3% to a record 4.9 million tons in 2012. In Brazil, the cheese production reached 648,000 tons in 2010, and preliminary data indicate an increase to 675,000 tons in 2011 and 700,000 tons projected for 2012 (United States Department of Agriculture -USDA 2011). An alternative end use for the by-products and industrial waste is the conversion of these substrates to single-cell oil (SCO). Bialy et al. (2011) used frying oil of vegetable residue and meat products for yeast growth and production of fatty acids, Huang et al. (2009) used the hydrolyzate of rice straw for the production of lipids by Trichosporon fermentans, Angerbauer et al. (2008) investigated the potential accumulation of lipids by Lipomyces starkeyi growing in sewage sludge under different conditions, studied the growth and production of fatty material by Yarrowia lipolytica in industrial glycerol, Ykema et al. (1988) evaluated the growth and production of single cell oil by Apiotrichum curvatum in whey permeate. There are two methods originally proposed for the extraction of lipids, viz. Folch et al. (1957) Fakas et al. 2006; Fakas et al. 2008; Fakas et al. 2009 ) and Bligh and Dyer (1959) (Carvalho 1994; Zhu et al. 2002; Mendes et al. 2006; Duarte 2011; Araujo et al. 2011) , which have been used as proposed, or with some modifications. These two methods are cold extraction methods that use the mixture of polar and non-polar solvents for the extraction of fatty acid by removing from the cell membranes, or lipoproteins (Christie 1982; Brum 2004 ).
This study aimed to evaluate the efficiency of two extraction methods for the production of lipids from yeast grown in the cheese whey medium.
MATERIALS AND METHODS

Microorganisms and Culture Conditions
Nine yeast strains isolated from insects and previously identified as good lipids producers in honey medium by Victorelli (2008) 
Cheese Whey
Cheese whey was typically supplied in 4 L volumes by Jamava Laticínios, Santa Cruz da Conceição, Brazil and stored at 4°C until used. It was sterilized at 121°C for 15 min in order to coagulate its proteins, centrifuged at 24953.76 x g and the supernatant was collected and used as culture growth medium. It was sterilized by autoclaving at 121°C for 15 min.
Selection of Strain with Improved Efficiency for the Production of Lipids on Cheese Whey
All the cultures were performed in 125-mL Erlenmeyer's flasks containing 50 mL of cheese whey medium, inoculated with three plugs of 72 h culture growth in YEPG medium. Batch experiments for oil production were performed under aerobic conditions on a rotary shaker as described by Xia et al. (2011) , (250-mL Erlenmeyer flasks containing 100 mL of medium); Bialy et al. (2011) (500 mL conical flasks containing 200 mL of medium; Karatay and Dönmez, (2011) , (250 mL Erlenmeyer flasks containing 100 mL growth medium).
The flasks were incubated at 28˚C and 180 rpm for 240 h. Total lipid was extracted by the modified method of Bligh and Dyer (1959) . Based on the study by Brum et al. (2009) , which had demonstrated the method of Bligh and Dyer giving higher yield for oat flaks and chicken breast than Folch et al. method. . The experiments were performed with 2 2 full factorial designs with two factors and two levels as shown in Table 1 . Cultures of C. laurentti -11 were performed in 50 mL of medium, inoculated with three plugs of 72 h culture growth in YEPG medium. The flasks were incubated at 28˚C for 240 h and shaken at 180 rpm.
Comparison of Culture Media and Extraction
Dry Biomass
Cells from a 50 mL culture growth medium were collected by centrifugation and washed twice with distilled water. Cell dry weight was obtained after drying at 60°C to constant weight. 
Extraction of Lipids
Lipid extraction using the modified methodology of Folch et al. (1957) was performed using Chloroform:Methanol (2:1, v/v). Three washes with 20, 10 and 10 mL of solvent mixture, respectively were carried out for 10 min each together with ultrasonication for cell membrane disruption. The solvent mixture containing the extracted lipids was separated from the residual biomass by centrifugation and all the fractions from each stage were pooled. This was mixed with 10 mL of 0.85% KCl solution in a separating funnel with stirring vigorously for phase separation. The upper aqueous phase containing water, methanol and non-lipid compounds was discarded and the lower phase (chloroform) was filtered using a filter paper containing 1 g of anhydrous sodium sulfate. The residue was collected in glass vials. The solvent was removed in the atmosphere of nitrogen. The modified method of Bligh and Dyer (1959) consisted of a monophasic extraction using Chloroform:Methanol:Water (1:4:0.8, v/v). The dry biomass was first treated with 2M HCl to break the cell wall and subsequently centrifuged and the supernatant was discarded. The biomass was then blended with 4.0 mL water, 10.0 mL of methanol and 5.0 mL of chloroform. The mixture was stirred on a rotary shaker for two hours at 220 rpm, then a further dilution was made with 5.0 mL of chloroform and 5.0 mL of 1.5% sodium sulfate. After the separation of the two layers by centrifugation at 173.29 x g for 2 minutes, the upper aqueous layer containing methanol, water and non-lipid compounds was discarded and the lower chloroform layer was filtered on filter paper containing 1.0 g of anhydrous sodium sulfate and collected in vials pre-weighed glass. This procedure was repeated for the extraction of lipids remaining in the sample. All the organic phases were pooled and the solvent removed in atmosphere of nitrogen. Lipids content was expressed as gram lipid per liter of fermentation broth and percentage of gram lipid dry biomass.
Fractionation of Lipids
The fractionation of the lipids was performed as described by Makri et al. (2010) with modifications. Approximately 100 mg lipids were dissolved in 1.0 mL chloroform and fractionated by using a column (15 mm x 100 mm) of 1.0 g silica gel 60 activated by heating overnight at 100ºC. Successive applications of 100 mL dichloromethane, 100 mL acetone, and 50 mL methanol produced the fractions containing neutral lipids (NL), glycolipids plus sphingolipids (G + S), and phospholipids (P), respectively. Hartman and Lago (1973) , and Horwitz (2010).
Fatty Acid Composition
Statistical Analyses
All the measurements were repeated three times for each treatment. The analysis of variance (ANOVA) was used to analyze the data. The means obtained from each set were compared using the Tukey's test at 0.05 confidence level.
RESULTS AND DISCUSSION
The highest biomass yield was observed for Lipomyces starkeyi JAL 572 (15.03 g.L -1 ) whose values were statistically similar to the others yeast tested (p≥ 0.05, by the Tukey test). However the production of total lipids was highly significant (p= 4.815x10 -5 ) by F test (ANOVA). The strain Cryptococcus laurentii 11 showed the highest production of total lipids (1.27 g.L -1 ) with significant differences compared to other strains using Tukey's test (Table 2) . Another important observation was related to the lipids and biomass productivity (g.L -1 h -1 × 10 -3 ). Despite higher biomass productivity achieved by L. starkeyi JAL 572 (62.63) than by C. laurentii 11 (19.04), lipids productivity by C. laurentii 11 is substantially higher (5.29) which is easily explained by higher lipid content present in biomass (13.09%). In fact the best lipid productivity obtained is not so good due to the long fermentation time used (240h), however several studies evaluation lipid production at this time or higher than that (Angerbauer et al. 2008; Fakas et al. 2009; Konno et al. 2009; Chatzifragkou et al. 2011) . It should be noted that such long fermentation times are common in single cell oil fermentation processes, because prolonged fermentation times are inextricably related to nitrogen limitation and under nitrogen starvation the carbon flux through the metabolic pathways decreases (Wynn et al. 2001; Fakas et al. 2009 ). The potential use of agro-industrial residues for oil production were performed by Xue et al. (2006) using sodium glutamate as a carbon source for growth of Rhodotorula glutinis, resulting.Lipids yield 0.2 g.L -1 and lipid content of 9%. observed lipid reserves yield of 43% and above 3.5 g.L -1 growing Yarrowia lipolytica in industrial glycerol. The accumulation of lipids by Lipomyces starkeyi was evaluated in media containing sewage sludge, which in pre-treatment with ultrasound accumulated values greater than 1 g.L -1 (Angerbauer et al. 2008) . When industrial glycerol was used as co-substrate, together with stearin the growth of Y. lipolytica reached a biomass production of 9 g.L -1 and 2.8 g.L -1 of lipids . C. laurentii cultivated in cheese whey presented lipid content greater than 13% and production of 1.27 g.L -1 under the conditions evaluated. More research work should be carried out with test for optimization of culture conditions in cheese whey providing higher productivity. Analysis of Variance of experiments performed in full factorial designs (Table 3) showed that the interaction of the extraction methods and medium was not significant (p=0.143982). There was no significant difference in the production of total lipids in the two extraction methods with an average concentration of 0.74 g.L -1 and 0.57 g.L -1
by Bligh and Dyer and Folch et al. method, respectively. On the other side variation of media was highly significant (p = 0,000005), by Tukey's test of significance 1%, lipid production in cheese whey medium showed a higher average concentration of 1.12 g.L -1 compared to YEPG medium, which produced in average 0.19 g.L -1 (Table 4) . Cheese whey composition varies according to the composition of the milk, cheese manufactured and the manufacturing process used (Koushki et al. 2011) . The whey contains approximately 7% solids containing 10-12% protein, the remainder being.Lactose (74%), minerals (8%) and fat (3%) (Morr 1989) . C. laurentii showed superior final lipid content in cheese whey under the conditions evaluated, indicating the cheese whey as a better medium for growth of C. laurentii and production of lipids. Currently some investigators have compared the extraction methods for microbial lipids. Kanda et al. (2012) evaluated the lipid extraction from microalgae with dimethyl ether and the method of Bligh and Dyer, observed equivalent yield between the two methods. Cescut et al. (2011) compared the pressurized liquid extraction with classical methods of Bligh and Dyer modified and Soxhlet extraction for strain of Rhodotorula glutinis, they found no significant difference in extraction efficiency between the pressurized liquid extraction with the method of Bligh and Dyer modified, although both were higher efficient than Soxhlet apparatus. Burja et al. (2007) studied various methods for extracting fatty acids from Thraustochytrium sp. ONC-T18 and they obtained larger amounts of fatty acids using the method of Bligh and Dyer miniaturized. Traditionally the binary mixture of chloroform and methanol (2:1 v/v) and the use of ternary solvent systems C:M:W have been considered simple and rapid methods for the extraction and purification of lipids from biological materials (Zhu et al. 2002) . The oil extraction must be performed by methods that present less impairment of quality of the oil. Study by Brum et al. (2009) (19.9% and 19% by dry weight, respectively). In our work, extraction method using three solvents showed no statistical differences compared to the extraction system with two solvents, however had larger mean of total lipids, which was took into account in chosen the method. The total lipids produced by C. laurentii extracted from Bligh and Dyer method are mainly comprised of 16-and 18-carbon-chain fatty acids, predominantly oleic (C18:1), stearic (C18:0), palmitic (C16:0), linoleic (C18:2) and lignoceric (C24:0) acid (Table 5) . The high content (55.62%) of saturated fatty acids lipids and the high cetane number related to them, is an indication that the lipids is suitable for the production of a biodiesel with excellent burning characteristics (Mittelbach and Remschmied 2004) . The fractionation of the lipids indicated that neutral lipids were the predominant fraction (89.1%) followed by glycolipids plus sphingolipids (6.9%) and the phospholipids fraction (4.0%), this distribution is especially interesting for biodiesel production because neutral lipids are more readily converted to biodiesel than are polar lipids contained in membranes, thus making it less problematic biodiesel production.
CONCLUSIONS
There was no significant difference in the comparison of the two methods of extraction of lipids. The strain C. laurentii 11 showed higher yields of lipids in cheese whey medium, compared with other eight strains and the whey medium led to more lipid yield than YEPD. The present study showed an alternative way of cheese whey valorization. Future investigations should focus on the optimization of the culture conditions for improvement lipid accumulation yields.
